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INTRODUCTION 
Thé raw material for a plant breeding program is genetic 
variability. Until several decades ago the only source of 
genetic variability was the so-called natural type, i.e., 
variability found in collections from the wild or in the world 
banks of germplasm. In 1930, Stadler (5^) showed that addi­
tional genetic variability was induced in plant species when 
the plants were treated with X-rays. Immediately, it appeared 
that the plant breeder had a tool which would relieve him of 
dependence upon natural sources of genetic variability. Addi­
tional studies have shown that, many types of irradiation and 
chemicals cause mutations when applied to plant materials. 
During the past three and one-half decades much contro­
versy has arisen about the relative usefulness of induced 
variability in applied breeding programs. A number of research 
findings have stoked this controversy: e.g., when mutations 
for qualitatively inherited characters were assayed it 
appeared that they were predominantly deleterious, whereas 
work with quantitative characters has not substantiated this 
conclusion; until recently, it appeared that induced mutations 
occurred at random; different mutagens produced mutations with 
varying efficiencies. The present study was conducted to aid 
in clarifying certain of these controversial points. More 
specifically it was designed : (a) to compare the relative 
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efficiencies of several mutagens, namely, thermal neutrons, 
P32, and ethyl-methanesulphonate for inducing genetic varia­
bility in the quantitative characters, heading date, plant 
height, and weight per 100 seeds in hexaploid oats (Avena 
satlva), and (b) to determine whether these mutagens were 
specific for causing mutations which affected one quantitative 
character more than another. 
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REVIEW OP LITERATURE 
With few exceptions the mutagens used in crop plants can 
be classified into two groups: (a) Irradiation, and (b) 
chemicals. The irradiation mutagens are either of the non­
ionizing type, which is ultraviolet light, or the ionizing 
type which includes alpha, beta, gamma, and X-rays, and thermal 
and fast neutrons. 
Stadler (55) showed that fewer structural changes were 
produced in corn chromosomes by ultraviolet than by X-ray 
treatment. He suggested that mutations caused by X-rays were 
usually deletions and not true gene mutations. However, 
Pabergé (16) later found that ultraviolet also caused chromo­
some aberrations. 
X-rays and neutrons have been the most widely used ioniz­
ing radiations for increasing mutation rates in plant breeding 
work. MacKey (43), Ehrenberg and Nybom (14), and Oaldecott 
et al. (8) working with small grain seeds, found that neutrons 
were less lethal and produced higher mutation frequencies than 
did X-rays. According to Larter and Elliot (38), neutrons 
produced more structural changes in wheat chromosomes than did 
X-rays. 
Ehrenberg et al. (10) found that P32 caused a high 
mutation rate in barley and wheat, and Thompson et_ al. (56) 
reported that the mutation range was greater with P32 than 
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with X-ray treatment of barley seeds. They postulated that 
this was due to the localized action of P32 which was concen­
trated in certain cells in the embryo, whereas the energy from 
X-rays was scattered equally to all cells. 
The use of chemical mutagens has shown great promise in 
recent years. The first evidence that certain chemicals acted 
as mutagens was presented by Auerbach jet al. (3), who found 
that mustard gas had a mutagenic effect similar to X-ray 
treatment when applied to Drospphlla. Gustafsson and MacKey 
(26) reported that mustard gases were also mutagenic for 
barley, and that the mutation spectra derived from chemical 
treatment differed from those obtained from irradiation. 
Ehrenberg et al. (15) reported that ethyleneimine was 
from 3 to 5 times more efficient than X-rays as a mutagenic 
agent for barley, even though both mutagens produced similar 
degrees of sterility. Later, Ehrenberg et al. (11) corrobo­
rated the efficiencies of ethyleneimine and showed that the 
mutation spectra obtained with ethylene compounds were dif­
ferent from those obtained from ionizing irradiations. Blixt 
et al. (5) also found a high mutagenic efficiency of ethylene­
imine when applied to peas. 
According to Heslot et al. (30, 31), Ehrenberg et al. 
(12), and Scarascia et al. (51) ethyl-methanesulphonate was 
from 3 to 10 times as mutagenic as gamma irradiation when used 
on barley and durum wheat. Ethyl-methanesulphonate, diethyl-
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sulfate, and. several other mutagenic chemicals have been shown 
to produce few interchange aberrations (29, 35). 
Much recent experimentation has been concerned with the 
effect of various pre- or post-irradiation treatments upon the 
frequency and array of mutations obtained. Gustafsson and 
Nybom (27) reported that applying colchicine to barley seeds 
prior to X-ray treatment increased the number of rare chloro­
phyll mutants. When Cervigni and Scarascia (9) gave tobacco 
seeds a combined treatment of X-rays and chemicals, they found 
that ethyleneimine produced an additive effect, whereas 
0-propiolactone and ethyl-methanesulphonate caused a higher 
mutation frequency than the sum of the frequencies produced 
by the chemicals and X-rays separately. 
It has also been shown that a number of other factors, 
i.e., moisture content of the treated seeds (1, 7, 13, 34), 
type of atmosphere (7, 13, 34), seed covering (21), seed size 
(21) and genotype (1, 34) influence degree of mutagen effect 
upon the seed germination, M^ seedling survival and uniformity, 
frequency of chromosomal aberrations and mutations, and amount 
of sterility in the M-]_ plants. 
Of considerable interest and possible importance to plant 
breeding is recent evidence that at least some mutagens are 
rather specific for the mutons they act upon. Most of the 
evidence for mutagenic specificity comes from experiments on 
microorganisms (reviewed by Smith (52)), and silkworm and 
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Drosophlla (reviewed by Auerbach (2)). 
The first report of mutagenic specificity in higher 
plants was given by Gustafsson and MacKey (26). They showed 
that sulfur and nitrogen mustard produced primarily viridis­
type chlorophyll mutations whereas alblna types, which are 
produced abundantly by X-rays and neutrons, were rare. Wett-
stein et al. (57) and MacKey (44) also reported a relationship 
between mutation spectra and mutagens. 
Hagberg et_ al. (28) analyzed 69 barley erectoid mutants 
genetically and found 22 different loci were involved. A 
number of these loci had different properties of mutability. 
Locus a (11 mutants) was never mutated by neutrons, locus b 
(4 mutants) was mutated in only one variety; mutations at 
locus c (14 mutants) were associated with chromosome breaks 
and arose frequently from neutron irradiation; locus r (2 
mutants) was represented by dominant mutations only; and loci 
d (9 mutants) and m (7 mutants) were mutated in high frequency 
by neutrons, but in only one case was a chromosome break 
associated with mutations at these loci. The authors suggest 
that the specific interactions between loci and mutagens were 
due to the ion densities of the irradiation sources. 
Lundquist and von Wettstein (40) found that 69 eceriferum 
(waxless) mutants induced in barley were distributed over 23 
loci. Sixty-two percent of all mutants induced by ionizing 
radiations were located at locus 1. Of the 9 mutations at 
locus 1, 6 were from neutron, 1 from alpha ray, 1 from 
accelerated proton, and 1 from X-ray treatment. This suggests 
that locus 1 was mutated preferentially with irradiation with 
high ion density. Mutations from sparsely ionizing irradia­
tions were primarily at loci a, d, e, and t. Chemical muta­
gens induced 12 mutants of which 9 were located at loci b, 
u, and None of these latter 5 loci was mutated with 
densely Ionizing irradiations. Locus was mutated only by 
ethyleneimine and ethylene-oxlde treatments. These latter two 
studies demonstrate the futility of attempting to determine 
whether mutation types are induced randomly by using pheno-
typic data only. Benzer (4) working with bacteriophage, has 
further shown that there is an lntralocus specificity associ­
ated with mutagens. 
Recently, a number of studies upon mutagen Induced varia­
tion in quantitative characters have been reported. Gaul (19) 
estimated that the frequency of easily detectable mutants in 
barley was 1 or 2 per 100 Mg plants. The frequency of superior 
yielding mutants was estimated as 1 or 2 per 1000 M2 barley 
plants by Gustafsson (25), and Gregory (23) found a frequency 
of the order of 1 to 2 per 500-5000 Mg peanut plants. 
Gaul (20) stated that "the frequency of progressive 
micro-mutations should be higher than the frequency of macro-
mutations" . He suggested that plant breeders should work with 
micro- instead of macro-mutations when trying to improve 
quantitative characters through mutation breeding. 
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Gregory (24), working with peanuts, found that the 
genetic variance of the irradiated group was nearly 4 times 
greater than the variance of the control. He was successful 
in selecting several high yielding mutants from the irradia­
tion derived materials. Mertens and Burdick (46) irradiated 
tomato seeds and used pollen from the M-j_ plants to backcross 
to the control. With this method they were able to detect 
dominant mutations for earliness and Increased green plant 
weight. Oka, et al. (47) used X-rays on rice and found sym­
metrical increases in variability for plant height and heading 
date without changing the population means. 
Rawlings, e^t al. (50) treated 2 soybean varieties, Adams 
and Hawkeye, with X-rays and thermal neutrons, and studied the 
resultant variability of plant height, maturity, yield, and 
seed weight in the M^ generation. The genetic variance of the 
irradiated material was 5 times that of the control. Mean 
seed yield was reduced, mean seed weight was increased, but 
the means of plant height and maturity were unchanged. 
According to Papa, et al. (49), who studied the effectiveness 
of selection in the same irradiation derived soybean popula­
tions, there was more variation in the irradiation-derived 
than in the check population for most characters. Selection 
for high yield was effective in both irradiated and check 
populations from Hawkeye, but was unsuccessful in all of the 
populations from Adams. Significant gains from selection in 
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the irradiated populations were possible for maturity, seed 
weight, and oil and protein content, all of which are highly 
heritable characters. 
Krull and Prey (37) measured the variability for heading 
date, plant height, and weight per 100 seeds in neutron-
irradiation derived and check populations of 2 oat varieties, 
Olintland and Beedee, and the Pg generation of the cross, 
Olintland x Beedee. The irradiation caused Increases in 
variances among and within families in each of the populations. 
Variability from irradiation and hybridization was equally 
heritable. There was no consistent positive or negative 
shifts of skewness and kurtosls was shifted positively. 
Brock and Latter (6) found that irradiation of subter­
ranean clover (Trlfolium subterraneum) seeds with X-rays and 
thermal neutrons increased the genetic variance for flowering 
time. Matsuo and Onozawa (45), reported an increase in the 
genetic variance for stem length and grain weight in irradi­
ated rice. 
According to formulas derived by Kao, et al. (32) the 
variance among M2 line means contains only one-eigh' of the 
fixable genetic variance induced by radiation, whereas the 
corresponding value among line means is 9/16. They con­
cluded that the Mg should be grown in bulk and separated 
into lines for selection. 
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MATERIALS AND METHODS -
Prior to treating seeds with ethyl-methanesulphonate or 
P32 for the purpose of studying induced variability in the 
progenies, it was necessary to determine the optimum dosages 
for each mutagen. Two experiments were conducted with ethyl-
methanesulphonate^ using varying concentrations and immersion 
intervals. In experiment I, 400-seed lots were immersed in 
water and in EMS solutions of 0.04M, 0.08M, and 0.12M strength 
for 2 and 24 hour intervals at room temperature. After treat­
ment the seeds were rinsed with tap water and planted one-half 
inch deep in flats containing a soil mixture of loam, sand, 
and peat in the ratio of 2:1:1. 
The experimental design was a randomized block with 4 
replicates. A plot consisted of 100 seeds planted in a row 
across a flat (22-inches), and plots were spaced 2 inches 
apart so each flat contained 8 plots. This experiment was 
conducted in the greenhouse. Percentage of surviving seed­
lings and mean seedling height were recorded on a plot basis 
14 days after planting. 
Soaking seeds for 2 hours in either 0.04M or 0.08M EMS 
solution did not reduce either seedling survival or seedling 
height significantly (Table 1). The treatment for 2 hours 
-'Ethyl-methanesulphonate will hereinafter be abbreviated 
to EMS. 
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Table 1. Seedling heights and survival percentages of oat 
seedlings derived from Olintland 60 variety treated 
with different concentrations of ethyl-methane-
sulphonate (EMS) and P32 for varying immersion 
intervals 
Treatment Survival Seedling height 
(mm) 
Experiment I (EMS) 
0.04M for 2 hrs 96 25 
0.04M for 24 hrs 33 17 
0.08M for 2 hrs 93 25 
0.08M for 24 hrs — — — — 
0.12M for 2 hrs 86 23 
0.12M for 24 hrs — — 
Water for 2 hrs 93 27 
Water for 24 hrs 96 27 
Experiment II (EMS) 
0.04M for 2 hrs 91 18 
0.04M for 4 hrs 87 18 
0.12M for 2 hrs 86 17 
0.12M for 4 hrs 75 14 
Water for 2 hrs 100 20 
Water for 4 hrs 100 20 
0.5 Pc per seed for 72 hrs 
2.0 P-c per seed for 72 hrs 
5.0 P-c per seed for 72 hrs 
10.0 P-c per seed for 72 hrs 
Water for 72 hrs 
Experiment III (P32) 
83 
78 
67 
34 
88 
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with 0.12M reduced the seedling survival and height about 10 
percent, and 24-hour treatment killed all of the seeds soaked 
in the 2 highest concentrations and drastically reduced seed­
ling survival and height at the 0.04% level. 
In the second EMS (II) experiment only 2 concentrations, 
0.04M and 0.12M, and 2 immersion intervals, 2 and 4 hours were 
used. The greenhouse planting was done exactly as described 
for experiment I except that only 2 replicates were used. 
Each of the treatment combinations reduced the seedling sur­
vival and heights, but the 4-hour immersion in 0.12M EMS solu­
tion reduced both attributes most drastically. Seedling 
survival and height were reduced by one-fourth and one-third 
respectively, by the latter treatment. 
On the basis of data collected in these 2 experiments it 
was decided that the concentration of EMS and immersion inter­
val most suitable for the variability-induction study were 
0.12M and 4 hours, respectively. 
In experiment III, 100-seed lots were immersed at room 
temperature for 72 hours in water and in solutions containing 
0.5, 2.0, 5.0, and 10.0 He of P32 per immersed seed. After 
the treatment the seeds were washed with tap water and planted 
in a non-réplicated greenhouse experiment. Seedling survival 
was reduced by each of the P32 treatments (Table 1). 
The P32 concentration selected for the variability-
induction study was 2.0 P-c per seed since the treatment with 
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this solution resulted in approximately the same seedling 
survival as the EMS treatment that was previously chosen. 
The amount of P32 absorbed was estimated using the seeds 
and seedlings from the 2.0 He treatment.The amounts of P32 
in 2 random samples of 50 seeds and seedlings were 50 and 53 
He, respectively. This was equivalent to approximately 1 He 
per seed or seedling and corresponded to the absorption of 50 
percent of the P32 in the solution. 
The seeds used to estimate the amount of variability 
induced by different mutagens were the second generation 
progeny of one typical plant of Olintland 60 variety of hexa-
ploid oats (Avena sativa). Six lots each containing 1000 
primary seeds were selected for the mutagen treatments. Each 
of the following treatments was applied to one seed lot: 
1. One lot of seeds containing circa £ percent moisture 
was treated with thermal neutrons to a total dosage 
IX p 
of 2.03 x 10 neutrons per square centimeter + 15 
percent, in an 8-hour period. 
2. Seeds of one lot were immersed in a 0.12M-EMS solu­
tion for 4 hours at room temperature (10 cc per 25 
^The P32 content of the seeds and seedlings was deter­
mined by Dr. I. 0. Anderson, Agronomy Department, Iowa State 
University, Ames, Iowa. 
p 
Radiation was performed and dosage calculated under the 
direction of Dr. Seymour Shapiro at the Department of Biology, 
Brookhaven National Laboratory, Upton, L. I., New York. 
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seeds), after which they were rinsed in tap water. 
3. Seeds were immersed for 72 hours at room temperature 
(10 cc per 100 seeds) in a solution containing 2 He 
of P32 per seed, after which they were rinsed in tap 
water. 
4. One lot of seeds was given a combined treatment of 
immersion in a 0.12M solution of EMS for 2 hours 
followed by a 72-hour immersion in a P32 solution 
containing 1 He per seed, after which they were 
rinsed in tap water. 
5. Seed was used without any treatment to serve as a 
check. 
6. A 0.10M solution of EMS was injected into the tube 
formed by the flag-leaf sheath which surrounded the 
panicle of the oat plant. The injection was done 
just prior to the emergence of the panicles from the 
sheaths and solution was injected until some exuded. 
The seeds of the check and each of the first 4 mutagen 
treatments were planted in pots (5 seeds per 4-inch pot) in 
the greenhouse immediately after the treatment was completed. 
Each population was grown in a separate greenhouse room to 
exclude the opportunity for interpopulation crossing. All of 
the plantings were made during November, i960. 
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When the plants were mature (February 1961) one 
panicle was harvested from each surviving plant. The panicles 
were individually threshed and the seeds from each were 
planted in a progeny row in the field in 1961. Each progeny 
row were 12 feet long and was space planted with a maximum 
of 10 seeds. The rows were spaced 3 feet apart to allow 
cultivation and to reduce the opportunity for interprogeny 
crossing. Ranges of rows were separated by alleys 5 feet wide. 
The plants used for the EMS injection treatment were 
grown in the greenhouse at the same time as the M^ plants from 
the seed treatments. The plants were injected at the boot 
stage with a 0.10M solution using a continuous flow hypodermic 
syringe. The injection was continued until a few drops exuded 
from the tip of the boot. The M^ generation seeds (seeds 
produced on injected culms) were space "planted in the field 
in 1961. Since the field progenies of the injection treatment 
were one generation behind those from the seed treatments the 
Mg generation progenies of the former were grown at the 
2 Isabela Experiment Substation, Puerto Rico, during the winter 
season of 1961-62. The planting and care procedures used in 
Puerto Rico were similar to those employed in the 1961 field 
^M%, Mg, etc. refers to the first, second, etc. genera­
tions, respectively, after seed or flower treatment. 
p 
Appreciation is expressed to Mr. Agripino Pérez Lopez, 
who was responsible for growing the material. 
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planting at Ames. 
The number of progeny rows from each treatment was varia­
ble (Table 2). When the Mg plants were mature 150 progeny 
rows were randomly selected in each treatment for use in the 
1962 experiment. Four randomly selected plants were harvested 
from each of the selected progeny rows, and seed from each 
harvested plant was threshed into an envelope labelled with 
the appropriate pedigree. 
The experiment to estimate the magnitude of genetic 
variability induced by different mutagen treatments was grown 
at Ames, Iowa, in 1962. Each of the 6 treatments was repre­
sented by 150 families1 in the experiment. Each family con-
p 
sisted of 2 lines selected randomly from the 4 Mg plants 
harvested. Lines from Mg plants which produced less than 75 
seeds had to be discarded because this number of seeds was 
needed for the experiment. 
The experiment was arranged in a split-split-plot design 
with 3 replicates. The main plots in each replicate consisted 
of the mutagen treatments, the subplots consisted of the 
families, and the sub-subplots were lines within families. 
The experiment contained 1800 entries and consisted of 5400 
plots. 
•*-A family was derived from one M^ treated seed. 
Q 
A line was the progeny from one M2 plant. 
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Table 2. The number of progeny rows grown in the field in 
the Mg generation of each mutagen treatment 
Mutagen Material treated Number of rows 
EMS Seeds 490 
EMS Flowers 396 
P32 Seeds 815 
Thermal neutrons Seeds 211 
EMS + P32 - Seeds 724 
Check — 426 
A plot was a hill planted with 25 seeds and the hills 
were spaced one foot apart in perpendicular directions. As a 
precautionary measure the experiment was sprayed with a fungi­
cide (active ingredients -- Nabam1 and zinc sulphate) to 
prevent a rust epiphytotlc which might confound the expression 
of genetic potential for agronomic characters. However, rust 
did no damage to either sprayed or unsprayed oat plots in 1962. 
The attributes measured on each plot were heading date, 
mean plant height, and weight per 100 seeds. Heading dates 
were recorded on a plot basis when 50 percent of the panicles 
in a plot were completely emerged from the boot. Plant 
^Nabam is a short name applied to disodium ethylene 
bisdithiocarbamate. The Rohm and Hass Co.1s brand Dithane 
D-14 was used as the source of Nabam. 
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heights were recorded as the number of Inches from the ground 
surface to the panicle tips. 
When the plants were mature all of the culms in a plot 
were harvested, threshed, and the weight was taken on a 100-
seed sample from each plot. The 100-seed samples were counted 
with an electronic seed counter similar to the one described 
by Goulden and Mason (22). All data were transferred to punch 
cards for de-randomization and the computations necessary for 
variance, correlation, skewness, and kurtosis (53) analyses. 
A study was conducted to estimate the amount of sterility 
that occurred due to mutagen treatment. For this study 25 
lines were selected at random from each treatment grown in the 
1962 experiment. Two panicles were randomly selected from 
each plot of the selected lines, and the numbers of sterile 
and fertile florets were counted on each panicle. Fertility 
was determined as the ratio of total number of seeds to total 
number of florets. 
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RESULTS 
Qualitative Mutations 
A simply inherited mutation that is frequently induced in 
hexaploid oats is the fatuoid (36, 43). With this mutation 
several of the floret or seed characteristics resemble those 
produced in Avena fatua. The spikelet separates from the 
pedicel by abscission, leaving a distinct basal scar (sucker 
mouth) surrounded by a row of hairs. The florets separate by 
disarticulation of the secondary floret rachilla segment and 
each floret bears a long, twisted and geniculate awn. All 
other seed characteristics of the fatuoid, e.g., color, size, 
etc., are similar to those expressed by the parent variety. 
The fatuoid character is inherited in a 1:2:1 ratio with the 
heterozygote being distinguishable from the homozygous fatuoid 
(48). The fatuoid mutation is thought to be associated with a 
chromosomal aberration, probably of the deletion type. 
In this study, each of the mutagen treatments produced 
fatuoid mutations (Table 3). The percent of Mg families 
segregating fatuoid plants ranged from 2.6 for the EMS + P32 
treatment to 10.6 for the EMS flower treatment. Neutron 
treatment produced 9.9 percent Mg families segregating 
fatuoids. This value is higher than the 1.6 to 6.2 percent 
fatuoids from neutrons treatment reported by Krull (36). 
Chlorophyll mutants were also found in Mg families from 
Table 3. Frequencies and percentages of Mg families which segregated chlorophyll 
and fatuoid mutant plants 
Mutagen Number of Number of Mg families Percent of Mg families 
families segregating mutants segregating mutants 
Chlorophyll Fatuoid Total Chlorophyll Fatuoid Total 
Check 426 0 0 0 0 0 0 
EMS seed 
treatment 490 6 30 36 1.2 6.1 7-3 
P32 815 0 45 45 0 5.5 5.5 
EMS + P32 724 3 19 21 0.4 2.6 3.0 
Thermal 
neutrons 211 2 21 23 0.9 9.9 10.8 
EMS flower 
treatment 396 3 42 45 0.8 10.6 11.4 
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each of the mutagen, treatments except P32, but the frequencies 
were very low. Perhaps some meaning could be read into the 
differential ratios of chlorophyll to fatuoid mutants produced 
by the different mutagen, but to this author, the conclusions 
would not be very convincing. Since chlorophyll and fatuoid 
mutants occurred only in the mutagen derived population, it 
attests to the efficiency of the mutagen treatments for in­
ducing mutations. 
Variability for Quantitative Characters 
The data for heading date, plant height, and weight per 
100 seeds were analyzed to determine the magnitude of varia­
bility for each character within each mutagen-derived and the 
check populations (Tables 4, 5, and 6). Prior to pooling all 
populations into one analysis each was analyzed separately to 
determine whether the error (b) and error (c) variances from 
different populations were homogeneous. The comparable error 
variances from different populations were homogeneous in all 
cases, so pooled error variances were used to test the signif­
icance of lines and family variances within populations. The 
coefficients of variation (Table 7) for plant height and 
weight per 100 seeds ranged around 3 to 5 percent which indi­
cates a good degree of precision for the experiment. These 
G. V.'s were somewhat lower than those reported by Krull (36). 
Coefficients of variation could not be calculated for heading 
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Table 4. Mean squares from the analysis of variance of 
heading dates of oat lines derived from Olintland 
60 variety treated with different mutagens8, ' 
Source of variation Degrees of 
freedom 
Mean squares 
Total 5399 
Replications 2 288.58 
Among populations 5 728.41** 
Check vs. mutagens 1 2177.00** 
Among mutagens 4 366.00* 
Error (a) 10 89.15 
Among families 894 5.50** 
Check 149 2.07 
EMS seed treatment . 149 8.46** 
P32 149 3.18** 
EMS + P32 149 2.80** 
Thermal neutrons 149 12.14** 
EMS flower treatment 149 4.37** 
Error (b) 1788 1.83 
Lines w/ families 900 2.26** 
Check 150 0.54 
EMS seed treatment 150 3.32** 
P32 150 1.54** 
EMS + P32 150 2.24** 
Thermal neutrons 150 3.72** 
EMS flower treatment 150 2.22** 
Error (c) 1800 1.20 
^Hereinafter * and ** will denote significance at the 5 
and 1 percent levels, respectively. 
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Table 5. Mean squares from the analysis of variance of plant 
heights of oat lines derived from Glintland 60 
variety treated with different mutagens 
Source of variation Degrees of 
freedom 
Mean.squares 
Total 5399 
Replications 2 1496.89** 
Among populations 5 634.52 
Check vs. mutagens 1 1277.00* 
Among mutagens 4 473.90 
Error (a) 10 193.52 
Among families 894 5.86** 
Check 149 2.80 
EMS seed treatment 149 7.70** 
P32 149 2.87 
EMS + P32 149 4.95** 
Thermal neutrons 149 9.23** 
EMS flower treatment 149 7.64** 
Error (b) 1788 2.76 
lines w/ families 900 2.22** 
Check 150 1.10 
EMS seed treatment 150 3.63** 
232 150 1.40 
EMS + 232 150 1.93** 
Thermal neutrons 150 3.33** 
EMS flower treatment 150 1.94** 
Error (c) 1800 1.47 
date since this character was recorded with June 1 as the 
arbitrary zero point. 
There were no significant differences among the mutagen 
and check populations for mean weight per 100 seeds. The 
maximum difference between populations was 0.03 grams (Table 
8). In contrast, Krull and Prey (37) reported that populations 
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Table 6. Mean squares from the analysis of variance of 
weights per 100 seeds of oat lines derived from 
Clintland 60 variety treated with different mutagens 
Source of variation Degrees of 
freedom 
Mean squares 
Total 5399 
Replications 2 .3491 
Among populations 5 .0881 
Error (a) 10 .3914 
Among families 894 .0508** 
Check 149 .0221 
EMS seed treatment 149 .1041** 
P32 149 .0278** 
EMS + P32 149 .0239* 
Thermal neutrons 149 .0792** 
EMS flower treatment 149 .0367** 
Error (b) 1788 .0201 
Lines w/ families 900 .0760** 
Check 150 .0119 
EMS seed treatment 150 .0403** 
P32 150 .0191** 
EMS + P32 150 .0171** 
Thermal neutrons 150 .0422** 
EMS flower treatment 150 .0223** 
Error (c) 1800 .0136 
Table 7. Coefficients of variation (%) for weight per 100 
seeds and plant height 
Error Plant height Weight per 
100 seeds 
(b )  
(c) 
4.53 
3.30 
5.40 
4.44 
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Table 8. Mean heading dates, plant height, and weight per 
100 seeds for populations of oat lines derived from 
the treatment of 0lintland 60 variety with different 
mutagens 
Mutagen Heading date Plant height Seed weight 
(Days after (Inches) (Grams per 
June 1) 100 seeds) 
Check 12.If 37.8a 2.63 
P32 13.2% 37.6* 2.65 
EMS + P32 ' 13.5% 36.4* 0 2.63 
EMS flower treatment 13.6% 35.6° 0 2.62 
EMS seed treatment 14.1" 36.3a c 2.62 
Thermal neutrons 14.8° 36.5a 0 2.62 
^Means with the same letter superscript belong to the 
same significance group according to Duncan's multiple range 
test (17). 
derived from irradiation of oats with thermal neutrons had a 
significantly higher mean seed weight than did the nonirradi-
ated populations in 5 of 6 comparisons. 
The mean heading date of the check population was sig­
nificantly earlier than any of the mutagen derived populations 
(Tables 4 and 8). Also, there was significant variation among 
the mean heading dates of the mutagen derived populations. 
The delay in mean heading date ranged from 1.1 days for the 
P32-derived population to 2.7 days for the neutron-derived 
population. Krull and Prey (37) also reported a significant 
delay in mean heading date for neutron-derived populations, 
but the magnitude of change reported by them was never more 
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than 0.7 days. As shown in Figures 1, 4, 7 ,  10 and 13, only 
one line (from EMS flower treatment) in the mutagen-derived 
populations was earlier than the earliest check line in mean 
heading date, but in some populations, e.g., the thermal 
neutron-derived population, nearly half of the lines were 
later than the latest check line. The trends for all of the 
mutagen-derived populations were similar and they differed 
only in magnitude of shift. 
The mean plant heights for the mutagen-derived popula­
tions were all shorter than the mean of the.check population 
(Table 8). The means ranged from 0.2 inch shorter for the P32-
derived population to 2.2 Inches shorter for the EMS flower 
treatment population. However, only the latter population was 
significantly shorter than the check population. The fre­
quency distributions of the mutagen-derived populations (ex­
cept for the P32 population) when compared to check population 
(Figures 2, 5, 8, H and 14) appeared to be mirror images of 
the situation for mean heading dates. Not more than 4 lines 
were taller than the tallest check line, but many were shorter 
than the shortest check line. 
In no case was the mean square among families or lines 
within families significant for the check population. This 
shows that the original Clintland 60 seed lot used for the 
mutagen treatment was genetically homogeneous: thus any sig­
nificant variability in the mutagen-derived populations could 
Figure 1. Frequency distributions for heading dates of 
oat lines derived from Clintland 60 seed 
treated with EMS 
Figure 2. Frequency distributions for plant heights of 
oat lines derived from Clintland 60 seed 
treated with EMS 
Figure 3. Frequency distributions for 100-seed weights 
of oat lines derived from Clintland 60 seed 
treated with EMS 
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Figure 9. Frequency distributions for 100-seed weights 
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Figure 10. Frequency distributions for heading 
oat lines derived from Clintland 60 
treated with thermal neutrons 
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Figure 11. Frequency distributions for plant heights of 
oat lines derived from Clintland 60 seed 
treated with thermal neutrons 
Figure 12. Frequency distributions for 100-seed weights 
of oat lines derived from Clintland 60 seed 
treated with thermal neutrons 
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Figure 14. Frequency distributions for plant heights of 
oat lines derived from Clintland 60 flowers 
treated with EMS 
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Figure 16. Frequency distributions for the fertility 
percentages of the check population 
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be attributed to the effect of the mutagen. Except for one 
instance, plant height in the P32-derived population, all of 
the variances among families and among lines within families 
were increased significantly by the mutagen treatments (Tables 
4, 5, and 6). 
Another method for comparing the efficacy of the mutagens 
in causing increased variability is through the ratios of 
mutagen-treated to check mean squares (Table 9). Of the 30 
such possible comparisons for the 3 attributes measured, only 
2 were non-significant, i.e., the P32- and EMS + P32-derived 
populations for plant height and weight per 100 seeds, respec­
tively. Twenty-five were significant at the 1 percent level 
and three significant at the 5 percent level. 
All of the mutagens used herein were effective for in­
creasing the variability in quantitative characters in hexa-
ploid oats, but the magnitude of variability caused by the 
various mutagens differed considerably. Thermal neutron and 
EMS seed treatment produced the greatest variability for head­
ing date, plant height, and weight per 100 seeds (Tables 10 
and 11). EMS flower treatment also produced high variability 
for plant height. In general, the P32 and EMS + P32 treat­
ments were quite ineffective for inducing variability in any 
of the characters studied. 
On the basis of experience and preliminary experiments, 
dosages of each mutagen were applied to the oats so that 
Table 9» Ratios of mean squares from mutagen-derived populations to mean squares 
from check population and the levels of significance of the ratios 
Heading date Height Wt./lOO seeds 
Ratio Sig. Ratio Sig. Ratio Sig. 
EMS seed treatment 
Among families 
Lines w/ families 
4.09 
6.15 10 
2.75 
3.30 IÎ 
4.71 
3.39 lî 
P32 
Among families 
Lines w/ families 
1.54 
2.85 S 0.98 1.27 U.S. 5* 1.26 1.61 % 
EMS + 532 
Among families 
Lines w/ families 
1.35 
4.15 % 1.77 1.75 IÎ 1.08 1.44 U.S. 1* 
Thermal neutrons 
Among families 
Lines w/ families 
5.86 
6.89 % 3.30 3.03 % 3.58 3.55 s 
EMS flower treatment 
Among families 
Lines w/ families 
2.11 
4.11 3 2.73 1.76 a 1.66 1.87 s 
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Table 10. The variance components for families and lines 
within families for heading date, plant height, 
and weight per 100 seeds from the check and 
mutagen-derived oat populations 
Heading date Plant Weight per 
height 100 seeds 
Check 
Among families 0.15 0.10 0.0006 
Lines w/ families -0.22 -0.12 -0.0006 
SMS seed treatment 
Among families 0.75 0.46 0.0096 
Lines w/ families 0.71 0.72 0.0089 
P32 
Among families 0.17 0.01 0.0004 
Lines w/ families 0.11 -0.02 0.0018 
EMS + P32 
Among families -0.01 0.29 0.0001 
Lines w/ families 0.35 0.15 0.0012 
Thermal neutrons 
Among families 1.30 O.77 0.0051 
Lines w/ families 0.84 0.62 0.0095 
EMS flower treatment 
Among families 0.25 0.74 0.0013 
Lines w/ families 0.34 0.16 0.0029 
Mean for mutagen-
derived populations 
Among families 0.49 0.45 0.0033 
Lines w/ families 0.48 0.33 0.0049 
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Table 11. Genetic coefficients of variability (percent) for 
plant height and weight per 100 seeds in Mg and 
Mj generations of mutagen-derived populations 
Mutagen Generation Plant Weight per 
height 100 seeds 
Check 2nd 0.8 0.9 
3rd — — — — — — 
EMS seed treatment 
*2 1.9 3.7 
M3 3.0 5.2 
P32 Mo 0.3 0.8 
«3 — — — 1.8 
EMS + P32 «2 1.5 0.4 
M3 1.8 1.4 
Thermal neutrons «2 2.4 2.7 
«3 3.2 4.6 
EMS flower treatment M2 2.4 1.4 
«3 2.5 2.5 
seedling survival and stunting in the M^ generation would be 
similar for all treatments. To a certain extent this end was 
accomplished, but there is no assurance that the various 
dosages applied were necessarily the most desirable ones for 
producing maximum genetic variability. Consequently, the 
relative efficiencies of the various mutagens shown herein may 
be confounded with the specific dosages applied. Further 
experimentation is needed in this area of research. 
The variance components due to families and lines within 
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families (Table 10) were calculated using Model II (39) shown 
in Table 12. In this model both families and lines within 
families were considered as random variables. As stated 
earlier the greatest increase in variability was caused by the 
thermal neutron and EMS seed treatments. The relative magni­
tude of the variance components for families and lines within 
families within each mutagen-derived population can be used to 
postulate the expected efficiency of different selection 
procedures. 
For weight per 100 seeds, the variance component for 
lines within families tended to be larger than the component 
for families. The one exception was EMS seed treatment (Table 
10). When averaged over all mutagen populations 40 percent of 
the induced variance for weight per 100 seeds was associated 
with families and 60 percent was associated with lines within 
families. For plant height averaged over all mutagen-derived 
populations the percents of induced variability associated 
with families and lines within families were 60 and 40, re­
spectively. Comparable values for heading date were 50 and 50 
percent, respectively. 
If the variability induced in the quantitative characters 
by mutagen treatment is evaluated into genetic coefficients of 
variability (Table 11) and heritability percentages (Table 13) 
it is possible to obtain a comparison of the relative effi­
ciency of selecting in the Mg and Mj generations. In calcu-
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Table 12. Expected mean squares for the sub-unit and sub-
sub -unit variances of the variation-induction 
experiment 
Source Expected mean squares 
Among families 
Check 4 + A + raLN-M + 2ranr 
EMS seed treatment A + 2»b + rcrLM + 2w!K 
P32 
°l + 2a? + b "IK + 2ram 
EMS + P32 A + 2*2 + rcrLH + 2ram 
Thermal neutrons «= + 2crb + "4 + 2Tam 
EMS flower treatment 4 + 2*2 + r«LM + 2r<yra 
Error (b) + 24 
Lines w/ families 
Check + rtfLN-M 
EMS seed treatment + T0w 
P32 4 + rcrLM 
EMS + P32 
c 
+ 
r*LM 
Thermal neutrons A + ™LM 
EMS flower treatment + r<?LM 
Error (c) A 
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Table 13. Heritability percentages of heading date, plant 
height, and weight per 100 seeds in the M2 and 
generations of oat populations derived from EMS 
and thermal neutron seed treatment 
Mutagen Generation Heading 
date 
Plant 
height 
Weight per 
100 seeds 
EMS 
*2 33 18 36 
M3 49 36 52 
Thermal neutrons M2 46 - 27 23 
«3 .59 40 46 
Mean of all H. 25 18 16 
mutagen-derived 2 
populations 
*3 39 27 33 
lating the genetic 0.7.'s and heritability percentages it was 
assumed that only the families variance components would be 
available for selection in the M2 generation, whereas in a 
mutagen-derived population carried to M^ in bulk, both fami­
lies and lines within families variance components could be 
used. All of the genetic C.V.1 s (except for plant height in 
the P32-derived population) increased from the M2 to the M^ 
generation. However, there were differential changes among 
the different mutagens. The genetic C.V.'s for seed weight 
in the EMS- and thermal neutron-derived populations were 5.2 
and 4.6 percent, respectively. These values are comparable 
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to the genetic C.V.'s obtained for seed weight in oat crosses.^ 
The heritability percentages for the EMS seed treatment 
and thermal neutron populations presented in Table 13 show the 
proportion of the total variability that would be genetic or 
in other words, available for selection. The heritabilities 
were calculated on a single plot basis and thus were not con­
founded by replication number. For the 2 most efficient muta­
gen treatments, EMS and thermal neutrons, the heritability 
percentages were from one and one half to two times larger in 
the than in the Mg generation. 
The data reported herein suggest that selection for seed 
weight, plant height, or heading date should not be practiced 
in mutagen-induced populations until at least the genera­
tion. For equivalent progress from selection the testing of 
Kg selections would have to be more precise than testing 
selections because the genetic variability in the Mg was less. 
Whether significant amounts of additional genetic variability 
would be expressed in the and subsequent generations cannot 
be postulated from this study. The rapidity of release could 
be influenced by the types of mutations produced and many 
other factors. Probably the most efficient way to carry the 
mutagen-derived populations into advanced generations would 
be by the bulk method. 
^Unpublished data from Iowa Agricultural and Home 
Economics Experiment Station supplied by K. J. Frey. 
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The genetic correlations (33) among the characters head­
ing date, plant height, and weight per 100 seeds ranged from 
-0.68 to 0.90 (Tables 14 and 15). At first glance there seems 
to be little pattern to the signs or distributions of the 
genetic correlations. However, certain patterns are apparent. 
The genetic correlations associated with populations derived 
from EMS treatment of seeds and flowers generally were low in 
magnitude (from -0.24 to +0.43). In the neutron-derived popu­
lation 4 of the 6 genetic correlations are negative and they 
tended to be larger than those from EMS-derived populations. 
The genetic correlations associated with P32-derived popula­
tions, i.e., P32 and EMS + P32 generally are high in compari­
son with the other mutagens. Six of these latter correlations 
were above 0.50 and 3 were over 0.80. 
Frequency distributions of heading date, plant height, 
and weight per 100 seeds for the mutagen-derived and control 
populations are shown in Figures 1 to 15. There was neither 
a consistent positive nor negative change in the skewness of 
the frequency distributions for weight per 100 seeds due to 
mutagen treatment, (Tables 16 and 17), indicating that the 
increased variability for this character occurred in both 
directions from the mean. Two of the skewness shifts were 
positive, and 3 were negative with one shift in each direction 
being significant. It can be seen from the frequency distri­
butions for neutrons and EMS + P32 derived populations for 
Table 14. Genetic correlations among the characters, heading date, plant height, 
and weight per 100 seeds on the basis of lines within families 
Mutagen Heading date Heading date Plant height 
and plant height and seed weight and seed weight 
Check — —0.02 
EMS seed treatment 0.27 0.01 0.13 
P32 0.58 0.49 0.90 
EMS + P32 0.13 -0.06 0.86 
Thermal neutrons -0.35 -0.16 0.45 
EMS flower treatment 0.43 -0.24 0.15 
Table 15. Genetic correlations among the characters, heading date, plant height, 
and weight per 100 seeds on the basis of families 
Mutagen Heading date 
and plant height 
Heading date 
and seed weight 
Plant height 
and seed weight 
Check 
EMS seed treatment 
P32 
EMS + P32 
Thermal neutrons 
EMS flower treatment 
0.56 
0.20 
0.55 
0.89 
•0.12 
0.20 
-0.09 
0.13 
0.38 
-0. 42 
-0.07 
0.39 
—0.68 
0.29 
0.46 
0.20 
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Table 16. Skewness and kurtosis values for heading date, 
plant height, and weight per 100 seeds from 
mutagen treated and non-treated populations 
Heading date Plant Weight per 
height 100 seeds 
Skewness 
Check 0.40** -0.14 -0.20 
EMS seed treatment 0.21 0.05 -0.21 
P32 0.01 -0.35* 0.09 
EMS + P32 0.19 -0.46** 0.56** 
Thermal neutrons 0.32* -0.49** -1.14** 
EMS flower treatment -0.36** -0.40** -0.42** 
Kurtosis 
Check 1.07** 0.18 0.18 
EMS seed treatment 0.55* 0.66* -0.50 
P32 0.01 2.48** 0.39 
EMS + P32 0.37 1.58** 3.33** 
Thermal neutrons 0.11 1.18** 4.75** 
EMS flower treatment 0.91** 0.53 -0.85** 
seed weight that the 2 significant shifts in skewness were due 
to a very small number of aberrant lines. Consequently, the 
2 cases of significance noted have little meaning, with the 
result that none of the mutagens caused any important changes 
in skewness of the populations. 
With the exception of EMS flower treatment, skewness 
values for heading date were shifted positively by mutagen 
treatment, whereas for plant height, except for EMS seed treat­
ment, the shifts were negative. However, only one shift in 
Table 17. The 111" values for differences between mutagen-derived and check 
population frequency distributions for skewness and kurtosis for 
heading date, plant height, and weight per 100 seeds 
Heading date Plant height Weight per 
100 seeds 
Skewness 
EMS seed treatment vs. check 
P32 vs. check 
EMS + P32 vs. check 
Thermal neutrons vs. check 
EMS flower treatment vs. check 
0.95 
1.95 
1.05 
0.40 
-3.80** 
+0.95 
-1.05 
"1.60 
-1.75 
-1.30 
-0.05 
+1.45 
+3.80** 
-4.70** 
-1.10 
Kurtosis 
EMS seed treatment vs. check 
P32 vs. check 
EMS + P32 vs. check 
Thermal neutrons vs. check 
EMS flower treatment vs. check 
1.30 
2.65** 
1.75 
2.40* 
0.40 
+1.20 
+5.75** 
+3.50** 
+2.50* 
+0.88 
-1.70 
+0. 53 
+7.88** 
+11.43** 
-2.58** 
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skewness was statistically significant. Kurtosis values were 
consistently changed in a positive direction by mutagen treat­
ment with the exception of weight per 100 seeds for the MS 
seed and flower treatments. 
Fertility of Oat Lines 
The mean fertility of the 6 populations ranged from 88-7 
to 90.4 percent (Table 19) but the differences were not sig­
nificant (Table 18). 
There were significant differences in fertility among 
lines within treatments, but the ranges and standard errors 
were similar for all populations indicating that the mutagen-
derived populations were similar to the check. The frequency 
distribution for the fertility percentages for the check 
population (Figure 16) was typical of that for all populations. 
This shows that the variability for quantitative characters 
observed in the mutagen-derived populations was not due to 
sterility induced by mutagens. 
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Table 18. Mean squares from the analysis of variance for 
fertility percentage in mutagen-derived and check 
populations 
Source of variation Degrees of freedom Mean squares 
Total 449 
Replications 2 56.62 
Populations 5 65.23 
Error (a) 10 33.98 
Lines w/ populations 144 13.60** 
Error (b) 288 5.23 
Table 19. Means, ranges, and standard errors of fertility 
percentages of mutagen-derived and check popula­
tions 
Mutagen Mean Range Standard error 
Check . 89.3 84.7-93.5 0.41 
EMS seed treatment 87.8 83.4-93.5 0.40 
P32 90.4 85.2-94.3 0.41 
EMS + P32 89.8 84.8-93.8 0.43 
Thermal neutrons 88.7 85.4-91.7 0.38 
EMS flower treatment 89.6 85.0-94.1 0.47 
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DISCUSSION 
To minimize the opportunity for intra-population crossing, 
and consequently, the likelihood of this factor contributing 
significantly to the mutagen-induced variances, the genera- ' 
tion of each mutagen population was grown in a separate green­
house room. Krull (36) showed that natural crossing among 
oat plants derived from irradiated seeds was practically non­
existent when the plants were grown in the greenhouse. 
Natural crossing between Mg plants grown in the field 
could occur, especially if the plants displayed considerable 
sterility. However, its effect on the data collected from the 
By generation experiment should be negligible for the following 
reasons: (a) individual plants were spaced at least one foot 
apart in rows 3 feet apart which would reduce the opportunity 
for natural crossing, (b) the minimum number of seeds required 
for the experiment was 75, and an M2 plant if highly sterile 
would not produce that many seeds and would be discarded, and . 
(c) the effect of one or two outcross seeds on the mean data 
for a given line would be diluted nearly out of existence 
because 75 seeds were used to test each line. 
Sterility could also cause what would appear to be addi­
tional genetic variation by interfering with the balance that 
occurs between number of seeds born on a panicle and seed 
weight. Prey (18) showed that when the number of spikelets 
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on a panicle was reduced by cutting some off, the seeds in the 
remaining spikelets were increased in weight. Sterility of 
some florets would be expected to have a similar effect. How­
ever, as shown herein there were no significant differences 
in the mean fertility percentages of the 6 populations. The 
coefficients of variation within the populations ranged from 
2.3 to 2.7, which indicates that the variabilities within the 
various populations were also homogeneous. 
With the precautions taken to minimize inter- and intra-
population crossing in the generation, and the apparent 
lack of mutagen-lnduced sterility in the Mj, it may be con­
cluded that sterility did not contribute significantly to the 
genetic variability present in the mutagen-derived populations. 
Most of the mutation work with.higher plants during the 
last 3 decades has been concerned with qualitative characters. 
Under these circumstances the proportion of mutations that 
would be desirable for crop improvement has been low. Since 
a preponderance of the qualitative mutations were deleterious 
many geneticists and plant breeders have been skeptical of 
mutation breeding. However, recent reports by Gregory (23, 
24), Oka et al. (47), Gaul (20), Brock and Latter (6), and 
Krull and Prey (37) have shown that mutagen-lnduced varia­
bility for quantitative attributes, e.g., yield, grain quality, 
adaptation, etc., apparently has a different pattern than that 
for qualitative attributes. 
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It appears that induced variability in quantitative 
characters is extensive, generally occurs equally in both plus 
and minus directions, and that the mutation manifestations 
occur in small increments. This tends to give a continuous 
type of distribution which requires the same methods and pre­
cision of testing as are used In populations derived from 
hybridization. 
In general, the data obtained herein support the earlier 
reports. The genetic variances were significantly increased 
by each mutagen treatment. The increments of variation were 
small suggesting the importance of micro-mutations. For the 
most potent mutagens, thermal neutrons and EMS, mutations 
affecting the quantitative characters apparently were very 
frequent. The frequency distributions for date of heading and 
plant height suggest that in some populations over half of the 
lines showed significant deviation from the check mean. 
However, for heading date and plant height the induced 
variability was nearly unidirectional from the check popula­
tion mean. Most mutagen-derived strains were later and 
shorter than the check. This phenomena was not accompanied 
by any important shifts in skewness. In cases where a signif­
icant shift in skewness did occur it was due to the behavior 
of a very few lines. 
If the cases with heading date and plant height actually 
represent directed or channelized mutations it could have 
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significant meaning to the plant breeder. The occurrence of 
variation in only one direction could be due to any or all of 
the following factors : (a) perhaps only certain loci could be 
mutated in this genotype and these could mutate only to late­
ness and shortness alleles, (b) perhaps in Cllntland 60, 
mutations to lateness and shortness represent simple changes 
in genetic code, whereas mutations to earliness and tallness 
would represent complicated changes and simple changes could 
occur more frequently, or (c) the genetic code of Cllntland 60 
may represent the extreme or ceiling for tallness and earli­
ness so that mutations could occur only in one direction. The 
first explanation has been shown to occur in barley by Hagberg 
and Gustafsson (28) and Lundquist and von Wettstein (4o). The 
author is not familiar with any evidence to support either the 
second and the third explanations. A further baffling compli­
cation is the fact that all mutagens tended to produce the 
same effect. Krull (36) reported similar but less pronounced 
results from the thermal neutron irradiation of Cllntland 60 
oat variety. 
Of course, the unidirectional variability for heading 
date and plant height could have been an artifact due to some 
peculiarity cf experimentation. However, no evidence could be 
found for this explanation. 
Considerable discussion has occurred relative to the 
types of mutations, gene or chromosome, that are produced from 
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the treatment of plant material with mutagens (36, 4l, 42, 55). 
MacKey (42) feels that much of the variability induced in 
hexaploid oats by irradiation is due to gross chromosome 
aberrations of the deletion and/or duplication types. If so, 
one would expect considerable covariation between plant 
characters in mutagen-derived populations because genes would 
be lost or gained in groups. Since the genetic correlations 
among the quantitative characters were highest for P32, it 
would be postulated that this mutagen produced mutations which 
were predominantly of the gross deletion and/or duplication 
types. The genetic correlations among characters in the EMS-
derived populations were low suggesting that mutations pro­
duced by this mutagen were primarily genie or due to other 
types of chromosome aberrations. The distribution of mutation 
types produced by thermal neutron treatment was somewhat be­
tween P32 and EMS. 
Additional indirect evidence on the types of mutations 
produced by the different mutagens can be obtained by compar­
ing the seed weight frequency distributions for the neutron-
and EMS-derived populations (Figures 3, 6, 9, 12 and 15). The 
genetic coefficients of variability for seed weight of these 
populations were similar (5.2 and 4.6 percent for the EMS- and 
neutron-derived populations, respectively), but the changes 
in kurtosis values were quite different (t = -1.70 and +11.43, 
respectively). The negative value for the EMS-derived popula­
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tion indicates a general flattening of the distribution, 
whereas the positive value of the neutron-derived population 
indicates an excess of items near and far from the mean with 
a corresponding depletion in the flanks of the distribution. 
If the characteristics of the frequency distributions are 
interpreted into magnitude of variability of the individual 
oat lines, it would appear that many of the lines in the EMS-
derived population carried mutations for seed weight but the 
variations of individual lines were low in magnitude. In 
contrast, a smaller proportion of the lines in the neutron-
derived population carried mutations but the magnitude of 
variations of individual lines was large. The apparent dif­
ferences between EMS- and neutron-derived populations for 
frequency of mutated lines and the magnitudes of the variation 
of individual lines could be explained on the basis of muta­
tion types produced by the mutagens. Stadler (55) and MacEey 
(41) believe that irradiation causes many chromosome mutations 
relative to gene mutations, and Gaul (20) and Konzak, et al. 
(35) reported few chromosome mutations from EMS treatment. 
Of course, these conclusions are highly speculative and must 
await proof from cytogenetic study. 
Krull and Prey (37) concluded that genetic variation for 
heading date, plant height, and weight per 100 seeds was in­
duced in oats by seed irradiation with thermal neutrons. This 
study corroborates their conclusion. All of the mutagens 
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induced genetic variability, but P32 treatment was the least 
effective. The reasons for this could be several: (a) P32 
may not have the ability to mutate oat germplasm readily, (b) 
the dose used may not have been adequate to induce a large 
number of mutations, and (c) oat seeds may not absorb P32 
readily. Ehrenberg et al. (10) found that wheat species 
absorbed 2 to 3 times as much P32 as does barley. 
EMS and thermal neutrons were the most effective mutagens 
for inducing variability in quantitative characters. Both 
produced about the same amount of variability in each of the 
characters studied. Since ethyl-methanesulphonate is inex­
pensive, is easy to apply to seeds, is relatively nonhazardous 
to humans, and produces genetic variability equal to that 
induced by thermal neutrons, breeders probably would be well 
advised to choose EMS instead of irradiation as their mutagen 
source. In addition the types of mutations induced by EMS 
may be more nearly conventional than the types induced by 
irradiation. 
A further study that needs to be conducted is one to 
determine the adaptation reaction of mutant lines derived from 
EMS- and irradiation treatment. This characteristic may be 
related to types of mutations induced. 
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SUMMARY 
Seeds of Cllntland 60 variety of oats were given 4 muta­
gen treatments, ethyl-methanesulphonate (EMS), P32, thermal 
neutrons, and a combination of EMS + P32, and flowers of the 
same variety were treated with EMS. Three hundred lines 
derived from each mutagen treatment and a like number from a 
check population were assayed for heading date, plant height, 
and weight per 100 seeds in a replicated experiment. 
All of the mutagen treatments induced fatuoid mutations, 
but none of them increased the mean sterility percentage of 
the Mj populations. 
All of the mutagens, except P32, increased the genetic 
variation between and within families significantly for all 
characters studied. The mean heading date was shifted toward 
lateness and plant height toward shortness by all mutagens, 
but mean weight per 100 seeds was not changed by any of the 
mutagens. 
The genetic variability measured by both genetic coef­
ficients of variation and heritability percentages was con­
sistently greater in the M^ than in the Mg generation. The 
proportions of genetic variance released in the M2 and Mj 
generations were 40 and 60, 60 and 40, and 50 and 50 for seed 
weight, plant height, and heading date, respectively. It was 
suggested that selection in mutagen-derived populations should 
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be delayed at least until the M^ generation. 
The genetic correlations and frequency distributions 
suggest that P32 induces mutations which are predominantly of 
the gross deletion or duplication type, EMS induces mutations 
which are predominantly genie or chromosomal with similar 
effects, and thermal neutrons induce chromosomal and genie 
mutations in proportions somewhat between P32 and EMS. 
It was suggested that EMS would be as efficient and more 
desirable than thermal neutron for use in a mutation breeding 
program. 
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